The beneficial health effects of extra virgin olive oil are due to both its high content of monounsaturated fatty acids and its high content of phenolic compounds, which have recently attracted research interest. In this context, the aim of this work was to examine the in vitro antioxidant and antiproliferative activities of the phenolic extract obtained from extra virgin olive oil from O. europea cultivar 'Frantoio' (samples 1-4), one of the main varieties cultivated in Italy. The total phenolic content was determined by Folin-Ciocalteu method and instead the phenolic profile was obtained by HPLC coupled to a diode array detector and mass spectrometry. Extra virgin olive oil extracts exhibited high antioxidant activity through different mechanisms of action and these activities are related to the phenolic content. Sample 3 demonstrated the strongest free radical scavenging activity with IC 50 value of 56.5 µg/mL. The reducing ability measured with FRAP assay revealed that samples ranged from 91.3 to 156 µM Fe(II)/g. The same interesting trend was observed with Trolox equivalent antioxidant capacity value. Moreover, the virgin olive oils showed a good oxidative stability ranging between 19 to 32 h. Antiproliferative activity evaluated by SRB assay revealed that phenolic extracts from the cultivar 'Frantoio' showed a strong antiproliferative activity against CORL-23 cell line with an IC 50 value of 14.5 and 55.9 µg/mL for samples 3 and 1, respectively, and these results are comparable to the positive control vinblastine. Overall, these results showed that extra virgin olive oils from the cultivar 'Frantoio', may represent an interesting source of phenolic compounds as functional components that could be consumed in diets and/or used for the elaboration of functional food and pharmaceutical industries.
INTRODUCTION
It is reported that in 2005, 7.6 million people died of cancer out of 58 million deaths world-wide. Based on projections, cancer deaths will continue to rise with an estimated 2,2-diphenyl-1-picrylhydrazyl (DPPH), Folin-Ciocalteu reagent, tripyridyltriazine (TPTZ), ABTS solution, Trolox, sulphorodamine B (SRB), RPMI, DMEM, trichloroacetic acid (TCA), tris[hydroxymethyl]aminomethane, and vinblastine sulfate salt were purchased from Sigma-Aldrich S.p.a. (Milan, Italy).
Extra Virgin Olive Oils (EVOO)
The olive fruits of cultivar 'Frantoio' were harvested in the Campania region (Italy) in four different farms in the area of Salerno during the 2007/2008 season and, thus, four different EVOO batches were obtained using stone or continuous mills. All four oil samples accomplished the UNI10939, 2001 certification. EVOOs were stored at 10 • C in darkness using green glass bottles without headspace up to analysis.
Extraction of the Phenolic Fraction
The phenolic fraction was extracted following the procedure of Loizzo et al. [20] For spectrophotometric analysis, the dry extracts were re-suspended in 1 mL of methanol.
Determination of the Total Phenolic Content
The total phenolic content was evaluated colorimetrically using the Folin-Ciocalteu reagent and a spectrophotometer UV-Vis-Nir Cary 5000 (Varian, Leinì, Italy). Briefly, the phenolic extract was mixed with the Folin-Ciocalteau reagent and aqueous Na 2 CO 3 . The solution was kept in the dark at room temperature for 2 h and the total phenols were determined spectrophotometrically at λ = 765 nm. [21] The results were expressed as gallic acid equivalents (mg/Kg oil), based on a calibration curve (r 2 = 0.996) obtained in a range from 2.5 to 500 mg/kg of gallic acid.
High Performance Liquid Chromatography of Phenols
The qualitative and quantitative characterization of the phenolic compounds was performed using high performance liquid chromatography (HPLC) with a diode array detector (DAD). For HPLC analysis, the methanol solutions of the phenolic extracts were filtered through 0.2 µm regenerated cellulose filters (Schleicher & Schuell, Dassel, Germany) and the sample was injected in a 20 µL loop. A Phenomenex (Torrance, CA, USA) 25 cm × 4.6 mm i.d. column packed with a Gemini C18 (5 µm particle size) and a ternary pump delivery system Varian 240 (Walnut Creek, CA, USA) were used. The mobile phase flow rate was 0.7 mL/min and the gradient elution was carried out using water/acetic acid (98:2 v/v) as the mobile phase A and methanol as the mobile phase B of the solvent system. [19] The detector was a Varian Prostar PDA 330 and the data were acquired using the Varian Star 6.3 software. For structural elucidation, the HPLC system was coupled online to an LCQ ion-trap mass spectrometer (Thermoquest, San José, CA, USA) equipped with an electrospray ionization source suitable for tandem mass spectrometry (MS/MS). All phenolic compounds were quantified using a calibration curve obtained with 3,4dihydroxyphenylacetic acid (r 2 = 0.998), whereas flavones were quantified as quercetin equivalents (r 2 = 0.997).
Determination of the Oxidative Stability
The oxidative stability of the oils was determined with a Rancimat apparatus (Metrohm model 679, Herisau, Switzerland), by measuring the induction period of a 5 g sample heated at 110 • C under an air flow of 20 L h −1 . The induction period was determined by drawing the two tangents of the time-conductivity curve and projecting the intersection onto the time-axis. The induction period was expressed in hours (h).
DPPH (2,2-Diphenyl-1-Picrylhydrazyl) Assay
Radical scavenging capacity was determined according to the technique reported by Servili et al. [23] with some modifications. An aliquot of 1.5 mL of 0.25 mM DPPH solution in ethanol and 12 µL of phenolic extract at concentrations ranging from 25 to 150 µg/mL were mixed. The mixture was shaken vigorously and allowed to reach a steady state at room temperature for 30 min. Decolorization of DPPH was determined by measuring the absorbance at λ = 517 nm with a spectrophotometer. The DPPH radicals scavenging activity was calculated according to the following equation:
where A 0 is the absorbance of the control (blank, without extract) and A 1 is the absorbance in the presence of the extract.
FRAP Assay
The FRAP method measures the absorption change that appears when the TPTZ (2,4,6-tripyridyl-s-triazine)-Fe 3+ complex is reduced to the TPTZ-Fe 2+ form in the presence of antioxidant compounds. [24] Briefly, the FRAP reagent contained 2.5 mL of 10 mM tripyridyltriazine (TPTZ) solution in 40 mM HCl plus 2.5 mL of 20 mM FeCl 3 and 25 ml of 0.3 M acetate buffer (pH 3.6) was freshly prepared. Samples were dissolved in ethanol at a concentration of 1 µg/mL. An aliquot of 0.2 mL of solution was mixed with 1.8 mL of FRAP reagent and the absorption of the reaction mixture was measured at λ = 595 nm. Ethanolic solutions of known Fe (II) concentration, in the range of 50-500 µM (FeSO 4 ), were used for obtaining the calibration curve. The FRAP value represents the ratio between the slope of the linear plot for reducing Fe 3+ -TPTZ reagent by extract compared to the slope of the plot for FeSO 4 .
ABTS Assay
ABTS assay was based on the method of Re et al. [22] with slight modifications. ABTS radical cation (ABTS + ) was produced by the reaction of a 7 mM ABTS solution with 2.45 mM potassium persulphate. The mixture was stored in the dark at room temperature for 12 h before use. The ABTS + solution was diluted with ethanol to an absorbance of 0.70 ± 0.05 at 734 nm. After addition of 25 µL of sample or Trolox standard to 2 mL of diluted ABTS + solution, absorbance at λ = 734 nm was measured at exactly 6 min. The decrease in absorption was used for calculating Trolox equivalent antioxidant capacity (TEAC) values. A standard curve was prepared by measuring the reduction in absorbance of ABTS •+ solution at different concentrations of Trolox. Appropriate blank measurements were carried out and the values recorded. Results were expressed as Trolox equivalent antioxidant capacity (TEAC).
Cell and Cell Culture
Five human cancer cell lines, large cell carcinoma COR-L23 (ECACC No. 92031919), colorectal adenocarcinoma Caco-2 (ATCC No. HTB-37), lung carcinoma A549 (ECACC No. 86012804), hepatocellular carcinoma Huh-7D12 (ECACC No. 01042712), renal cell adenocarcinoma ACHN (ATCC No. CRL-1611), and one normal cell line, such as skin fibroblasts 142BR (ECACC No. 90011806), were used in our experiments. The COR-L23 cells were cultured in RPMI 1640 medium, while 142BR, Caco-2, A549, and Huh-7D12 cells were cultured in DMEM. Both media were supplemented with 10% fetal bovine serum, 1% L-glutamine, and 1% penicillin/streptomycin. The cell lines were maintained at 37 • C in a 5% CO 2 atmosphere with 95% humidity.
Antiproliferative Bioassay
The antiproliferative assay was performed as previously described using the proteinstaining sulphorodamine B (SRB) cell proliferation assay. [23] Briefly, cells were plated over a range from 5 × 10 4 to 15 × 10 4 cells and incubated to allow for cell attachment. After 24 h the cells were treated with serial dilutions of the samples. One hundred µL/well of each sample dilution was added to the plates in six replicates to obtain the final concentrations ranging from 5 to 200 µg/mL. The final mixture used for treating the cells contained not more than 0.5% of the solvent (DMSO), the same as in the solvent-control wells. After 48 h of exposure, cells were fixed with trichloroacetic acid (TCA) and then treated with SRB in 1% acetic acid. For reading plate, the bound dye was solubilized with tris[hydroxymethyl]aminomethane. The absorbance of each well was read on a Molecular Devices SpectraMax Plus Plate Reader (Molecular Devices, CELBIO, Milan, Italy) at λ = 490 nm. Cell survival was measured as the percentage absorbance compared to the untreated control. Vinblastine sulfate salt was used as positive control. Antiproliferative activity of the sample was expressed in terms of its IC 50 value calculated by nonlinear regression curve with the use of Prism GraphPad Prism version 4.0 for Windows, GraphPad Software (San Diego, CA, USA). The dose-response curve was obtained by plotting the percentage of inhibition versus the concentration.
Statistics
All experiments were carried out in triplicate. Data were expressed as mean ± standard deviation. Differences were evaluated by one-way analysis of variance (ANOVA) test completed by a Dunnett's test. Differences were considered significant at * * p < 0.01. The inhibitory concentration 50% (IC 50 ) was calculated by using Prism Graphpad version 4.0 for Windows (GraphPad Software, San Diego, CA, USA). The dose-response curve was obtained by plotting the percentage of inhibition versus the concentrations.
RESULTS AND DISCUSSION

Total Phenolic Content and HPLC-DAD-MS2 Profile
EVOO contains different classes of phenolic compounds. Phenolic acids, represented by caffeic, vanillic, syringic, p-coumaric, o-coumaric, protocatechuic, sinapic, p-hydroxybenzoic, and gallic acid, were the first group of phenols discovered in olive oil. Phenolic alcohols include (3,4-dihydroxyphenyl)ethanol 3,4-DHPEA) and (p-hydroxyphenyl)ethanol (p-HPEA) and are the most abundant simple phenols. [25] Secoiridoids, aglycon derivatives of oleuropein and ligstroside, are peculiar to virgin olive oil. Flavonoids like luteolin and apigenin were also reported as phenolic components of EVOO by Tripoli et al. [26] The phenolic compounds are very important to preserve the quality of the EVOO and to discriminate these products. The performed extraction method for the phenolic fraction was carried out to obtain a total recovery of the minor polar compounds. The determination of the total phenolic compounds was carried out using the Folin-Ciocalteu method, which was integrated with the HPLC analysis. In Table 1 , the total amount of the phenolic compounds with values ranging from 109 to 250 mg/L of gallic acid are shown.
The HPLC analysis of the classes of phenolic compounds of the four EVOO is reported in Table 1 . The HPLC profile was recorded at a wavelength of 280 nm for simple phenols and secoiridoids, whereas flavones were detected at a wavelength of 350 nm. HPLC-DAD-MS/MS was used for quantification and to confirm the identification of the phenolic acids, phenolic alcohols, secoiridoids, and flavones. The content of the three classes (simple phenols, secoiridoids, and flavones) was determined as the sum of similar phenols species. As shown in Table 1 , the content of simple phenols (3,4-DHPEA, p-HPEA, vanillic acid, vanillin, 3,4-DHPEA-Ac and p-coumaric acid) was different and ranged from 7.54 to 18.6 mg/kg (sample 4 and 1, respectively). In accordance with other authors, secoiridoids are the main phenolic compounds present in EVOO. [9] Also, in this study, secoiridoids were very abundant if compared with the two other classes of phenols and their content ranged from 73.6 to 252 mg/Kg. The highest content of secoiridoids was found in sample 3 such as determined by Folin-Ciocalteau method. Finally, the two flavones detected in the samples were ascribed to luteolin and apigenin. The flavones were similar in the oil samples and their content reached 4.55 mg/Kg.
Determination of the Oxidative Stability
The oxidative stability of the oils was measured as the induction time in response to forced oxidation. This determination only gives a total estimation on findings of the antioxidant potential of the oil, without information on the possible contribution of single compounds. The oxidative stability was determined by Rancimat apparatus (Metrohm, Switzerland), ranging from 19 to 32 h ( Table 1 ). The sample 3 showed a good and highest oxidative stability due to major content of total phenols; on the other hand, the sample 4 showed the lowest values.
These data showed a good positive correlation when they were correlated with total phenolic content quantified by Folin-Ciocalteu method (r 2 = 0.87) and secoiridoids Oxidative stability is expressed in hours; total phenolic compounds are quantified as mg kg −1 of gallic acid; classes of phenolic compounds are quantified as: 1 mg 3,4-dihydroxyphenylacetic acid kg −1 of oil; 2 mg quercetin kg −1 of oil. Data are given as the mean ±SD (n = 3). compounds (r 2 = 0.99); a negative correlation was found between oxidative stability and flavones (r 2 = 0.77).
Antioxidant Activity
Several methods were recently developed for measuring the antioxidant capacity of food and beverages. These assays differ in the generation of different radicals and/or target molecules, and in the way end points are measured. Considering that different antioxidant compounds may act in vivo through different mechanisms, no single method can fully evaluate the antioxidant capacity of food since levels of single antioxidant in food do not necessarily reflect their antioxidant activity. [27] Therefore, to investigate the antioxidant activity of chemicals choosing an adequate assay based on chemicals of interest is critical. [28] The great interest in EVOO phenols can be attributed to the association of such substances with several biological activities including antioxidant activity. [29] The EVOO extracts were tested for their antioxidant activities employing various established in vitro systems. A rapid, simple, and inexpensive method to measure antioxidant capacity involves the use of the free radical 2,2-diphenyl-1-picrylhydrazyl (DPPH). DPPH is widely used to test the ability of compounds to act as free radical scavengers or hydrogen donors, and to evaluate antioxidant activity of food. [30] It has also been used to quantify antioxidants in complex biological systems in recent years. A doseresponse relationship was observed for all tested oils (Fig. 1) . The IC 50 value for DPPH scavenging by EVOO phenolic extracts are reported in Table 2 . Sample 3 demonstrated the strongest radical scavenging activity with an IC 50 value of 56.5 µg/mL. As previously described, sample 3 was characterized by high levels of secoiridoids derivatives that are strictly connected with the ability of these compounds to act as antioxidant. [31] FRAP assay measures the reducing ability of antioxidant that react with ferric tripyridyltriazine (Fe 3+ -TPTZ) complex and produce a colored ferrous tripyridyltriazine (Fe 2+ -TPTZ). [24] Using this assay, the FRAP value of samples ranged from 91.3 to 156 Data are expressed as mean ±SD (n = 3). DPPH: radical scavenging activity assay; FRAP: ferric reducing ability power assay; antioxidant capacity determined by radical cation (ABTS + ). Differences within and between groups were evaluated by one-way analysis of variance test * * * P < 0.0001 followed by a multicomparison Dunnett's test; * * P < 0.01 compared with the positive controls: ascorbic acid and BHT.
µM Fe(II)/g ( Table 2 ). The reducing ability of the sample was strongly correlated with the phenolic levels. These results were in agreement with Song and Barlow, [32] who found a strong correlation between phenolic content and FRAP assay. Some researchers reported that phenolic compounds exhibited redox properties (i.e., act as reducing agents, hydrogen donators, and singlet oxygen quenchers). The redox potential of phenolic phytochemicals plays a crucial role in determining the antioxidant properties. [33] In addition, the antioxidant ability of EVOO to scavenge the blue-green colored ABTS + radical cation was measured relative to the radical scavenging ability of Trolox. As shown in Table 2 , the result clearly indicates that all the tested samples have an interesting reducing power with TEAC value ranging from 36.4 to 17.9.
Our samples obtained from cultivar 'Frantoio' exhibited interesting antioxidant and chelating properties and these activities are related to the phenolic content according to Bendini et al. [34] In a recent study, Carrasco-Pancorbo et al. [35] demonstrated the antioxidant activity of different single phenols isolated from EVOO by several methods, including DPPH, accelerated oxidation in a lipid model system, and by an electrochemical method. Again, the ability to act as a hydrogen donor and the inhibition of oxidation enhanced by increasing the number of hydroxyl group in the phenols, were demonstrated. In particular, compounds with o-dihydroxyl functionalities have shown high antioxidant activity given the formation of intramolecular hydrogen bonds during the reaction with free radicals; also, electron-donating substituents in "ortho" position tend to weaken the O-H bond of phenol and furnish more stability to the phenoxyl radical. The results obtained for the three tests showed that 3,4-DHPEA, 3,4-DHPEA-EDA, and 3,4-DHPEA-EA are the strongest antioxidants confirming that the presence of a single hydroxyl group confers a limited amount of antioxidant activity; also the presence of the carboxymethyl group (COOCH 3 ) as in 3,4-DHPEA-EA, seems to cause a decrease in the antioxidant power since it is not an electron donor group. [35] 
Antiproliferative Effects on Human Cancer Cells
The SRB assay was used for the screening of antiproliferative effect of phenolic extract from olive oil. Although there are a number of problems associated with the use of cell lines for testing antiproliferative effects, it does provide a viable option to the simplicity 3) . Differences within and between groups were evaluated by one-way analysis of variance test * * * p < 0.0001 followed by a multicomparison Dunnett's test: * * p < 0.01 vs. positive control. of in vitro model systems. In the present study large cell carcinoma (COR-L23), colorectal adenocarcinoma (Caco-2) lung carcinoma (A549), hepatocellular carcinoma (Huh-7D12), and renal cell adenocarcinoma ACHN were used as model experiments. Results have shown that after 48 h treatment with the phenolic extracts obtained from EVOO cultivar 'Frantoio', growth of human cancer cell lines are inhibited in a concentration-dependent manner and IC 50 values were calculated and reported in Table 3 . Interestingly, sample 2 demonstrated the strongest inhibitory activity on large cell carcinoma COR-L23, with IC 50 of 14.5 µg/mL, and this value is 3.1-time lower that the IC 50 of positive control vinblastine (45.5 µg/mL). A comparable activity on COR-L23 was observed with samples 1 and 3, with IC 50 values of 55.9 and 65.1 µg/mL, respectively. Sample 3 exhibited an interesting activity also against Caco-2 cell with IC 50 value of 65.5 µg/mL that was comparable with positive control.
This phenolic extract exhibited an IC 50 value of 57.3 µg/mL against renal cell adenocarcinoma ACHN, which is about 2 times lower than the antiproliferative activity of samples 1 and 4 against the same cell line. Higher values of IC 50 were found for A549 cells (IC 50 values ranging from 62.6 to 119 µg/mL). Huh-7D12 cell cultures were not sensible to the antiproliferative activity of phenolic extract obtained from EVOO. Neither, samples analyzed in this study were able to exert antiproliferative activity against human skin fibroblast 142BR. This result suggests a specific mechanism of action interfering with abnormal proliferation. The therapeutic virtue of EVOO are attributed to their biophenolic contents. [36] It is believed that the mechanism of action of these constituents in relation to "prevention" of several diseases including cancer involves an antioxidant component either directly or indirectly. [37] The major phenolic compounds of olive oil, oleuropein and hydroxytyrosol, decreased cell viability, inhibited cell proliferation, and induced cell apoptosis in MCF-7 cells. The result of the MTT assay showed that 200 µg/mL of oleuropein or 50 µg/mL of hydroxytyrosol remarkably reduced cell viability of MCF-7 cells. Oleuropein or hydroxytyrosol decreased the number of MCF-7 cells by inhibiting the rate of cell proliferation and inducing cell apoptosis. Hydroxytyrosol and oleuropein also exhibited a statistically significant block of G1 to S-phase transition manifested by the increase of cell number in G0/G1 phase. [38] Recently, Lozano-Sánchez et al. reported that crude EVOO phenolic extract rich in secoiridoids exhibited a remarkable cytotoxic activity against SKBR3 human breast cancer cells. [39] Previously, Babich and Visioli [40] reported the cytotoxicity of oleuropein aglycone, oleuropein, caffeic acid, o-coumaric acid, cinnamic acid, tyrosol, syringic acid, protocatechuic acid, and vanillic acid against human cells isolated from tissues of the oral cavity. In support of the hypothesis that constituents of EVOO may contribute to the cancer protective activity of the Mediterranean diet, Juan et al. [41] reported the antitumor activity of an olive fruits extract composed of maslinic acid and oleanolic acid in HT-29 human colon cancer cells. Obied et al. [42] reported the effect of olive oil biophenols (caffeic acid, hydroxytyrosol, oleuropein, verbascoside, hydroxytyrosol acetate, 3,4-DHPEA-EDA, and comselogoside), and crude and ethyl acetate extracts from cultivar 'Correggiola' on digestive system tumor cell lines where these phytochemicals are expected to come in direct contact with the tumor cells at higher concentrations and where the effect of metabolism is minimal. None of the tested biophenols significantly affected the growth of colorectal adenocarcinoma cell (HT-29). Moreover, caffeic acid significantly promoted the growth of gastric adenocarcinoma (AGS) cells at all applied concentrations. Hydroxytyrosol, oleuropein, and verbascoside at 10 µM significantly reduced the proliferation of AGS cells by 27, 16, and 19%, respectively. On the contrary, extracts effectively inhibited the growth of both cell lines in a concentration-dependent manner (0.4-1.2 mg/mL). The observed low activity of individual biophenols can be due to a real resistance of the cells to their mechanism of action, lack of antiproliferative activity of these biophenols, or the degradation of the biophenols in the assay media. On the contrary, both crude extract and ethyl acetate extract effectively suppressed the growth of human cancer cells.
CONCLUSION
The antioxidant, metal chelating, and antiproliferative properties of phenol extracts at different concentration of EVOO cultivar 'Frantoio', one of main variety cultivated in Italy, have been investigated. The EVOOs presented good concentration of total phenolic content, particularly in secoridoids compounds. The phenol extracts have antioxidant properties, including free radical scavenging activity and reducing power and these activities are related to the phenolic content. Recently, phenolic compounds found in food and beverage, have begun to receive much attention among researchers as a new natural antioxidant. Moreover, treatment with EVOO extracts showed interesting antiproliferative activity against human colon cancer cell line and this activity is comparable to commercial drug vinblastine. These results shown that EVOOs from cultivar 'Frantoio', may represent an interesting source of phenolic compounds as functional components that could be consumed in diets and/or used for the elaboration of functional food and pharmaceutical industries. This work support the health benefits derived from another consumed product of Mediterranean diet: olive oil.
